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N PROJECT INTRODUCTIONTHE JOHANNESBURG EMERGENCY MANAGEMENT 
DEPARTMENT IS SEEKING A  DESIGN FOR A NEW 
FIRE STATION IN ORLANDO WEST, SOWETO, SOUTH 
AFRICA. 
SERVING INFORMAL AND FORMAL SETTLEMENTS 
THE STATION WILL SERVE THE DIVERSE 
POPULATION OF THE AREA WHICH LARGELY HAS 
POOR RELATIONSHIPS WITH GOVERNMENTAL 
ORGANIZATIONS. THIS STRAIN DUE TO THE 
APARTHEID, WHICH HAS ONLY RECENTLY BEEN 
ABOLISHED, ALSO CONTRIBUTED TO THE STARK 
POLARIZATION OF WEALTH IN THE AREA. 
WHILE THE APARTHEID HAS BEEN ABOLISHED, 
INFORMAL SETTLEMENTS STILL REMAIN AND 
POSE MANY DANGERS TO THOSE LIVING IN THEM, 
ESPECIALLY FIRE HAZARDS. THE FLAMMABLE 
BUILDING MATERIALS USED, DENSELY POPULATED 
SPACES UNREACHABLE BY FIRE FIGHTERS, AND 
UNSAFE METHODS OF COOKING ALL CREATE GREAT 
RISKS THAT CAN DESTROY ENTIRE SETTLEMENTS 
AND DISPLACE THOUSANDS OF PEOPLE IF FIRE 
STARTS. FURTHERMORE, RELATIONSHIPS BETWEEN 
THOSE LIVING IN INFORMAL SETTLEMENTS 
AND FIRE FIGHTERS HAS BEEN STRAINED, SO 
COOPERATION WITH OFFICIALS IS NOT COMMON 
AND DETRIMENTAL TO A RAPID EXTINGUISHING 
OF A FIRE.
THIS PROPOSAL FOR THE ORLANDO WEST FIRE STATION SEEKS TO BUILD CONNECTIONS 
BETWEEN THE COMMUNITY AND THE FIRE FIGHTERS THROUGH A CONTEXTUALLY 
INSPIRED DESIGN THAT CATERS TO THE NEEDS OF THE COMMUNITY, ENSURES A HEALTHY 
ENVIRONMENT FOR THE FIRE FIGHTERS, AND SERVES AS A NODE OF INTERACTION BETWEEN 
THE COMMUNITY AND FIRE FIGHTERS.
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DESIGN APPROACH 
UPON CONTEXTUAL RESEARCH AND SITE EXPLORATION, LARGE TESSELLATED PATTERNS BECAME A 
CONTEXTUAL MOTIF, EVEN VISIBLE IN THE SITE’S HISTORIC INFORMAL SETTLEMENT. THE NODES WITHIN 
THESE PATTERNS BECAME AN INSPIRATION FOR PATHS CONVERGING AND DIVERGING, AN INTERSECTION 
OF TWO THINGS DISTINCT THAT LEAVE THE NODE AND ARE CHANGED BECAUSE OF THE INTERACTION 
THAT OCCURRED THERE. 
FROM THIS INSPIRATION THE FORM OF THE BUILDING WAS MOLDED BY PLACING THE NODES WITHIN 
HISTORIC SITE PATHS AND MASSAGING THE RESULT TO CREATE AN EFFICIENT YET UNIQUE LAYOUT THAT 
RESPONDED TO PROGRAMMATIC NEEDS AND IN SITU DEMANDS. REFLECTING THE DESIGN GOAL OF 
INTERACTION AND INTERSECTION, MULTIPLE STRUCTURAL MATERIALS AND SYSTEMS WERE CHOSEN TO 
INTERACT THROUGHOUT THE DESIGN TO VISUALLY ENTICE OR EXEMPLIFY SUCH CONNECTIONS.
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STRUCTURE
DURING PRELIMINARY DESIGN, THREE STRUCTURAL SYSTEMS WERE 
EXPLORED. 
STEEL : WIDE FLANGE COLUMNS AND BEAMS WORKING WITH DIAGONAL X 
BRACING SUPPORTING LOW SLOPE ROOF TRUSSES. 
STEEL AND CONCRETE : CONCRETE BEAMS AND COLUMNS WITH STEEL 
ROOF JOISTS TO SPAN LONGER DISTANCES AT SHORTER DEPTHS. 
STEEL AND MASONRY (SELECTED SYSTEM)  : MASONRY SHEAR AND LOAD 
BEARING WALLS WORKING WITH THE STEEL FRAMING, ROOF JOISTS, AND A 
SPACE FRAME AIM TO RELATE TO CONVERGING PATHS IN THE INTERSECTING 
MATERIALS AND TO DEFINE SPACES THROUGH MATERIALITY. 
THE SPACE FRAME WAS INSPIRED BY THE DESIRE FOR A LIGHT UNIFORM 
STRUCTURE CONNECTING THE TWO ADJACENT FORMS ABOVE THE ENTRANCE 






COMPLIANCE WITH THE 
IBC 2018 WAS CHECKED. 
OCCUPANCY LOADS 
WERE CALCULATED TO 
DETERMINE REQUIRED 
EXITS, EGRESS WIDTHS, 
TRAVEL DISTANCES, 




DURING DESIGN, COMPLIANCE WITH THE IECC 2021 WAS ENSURED THROUGH 
THE USE OF MULTIPLE SOFTWARES. 
COVETOOL WAS UTILIZED TO ANALYZE THE DAYLIGHTING AND GLARE 
POTENTIAL IN THE BUILDING, AS WELL AS DETERMINE BASELINE ENERGY 
USAGES BASED ON ENVELOPE PROPERTIES AND MECHANICAL SYSTEM 
SELECTIONS. COMPARED TO BASELINE, THIS DESIGN REDUCES CO2 EMISSIONS 
BY 51% AND IS 9% MORE ENERGY EFFICIENCY THAN BASELINE CONDITIONS.
EQUEST HELPED DETERMINE PERIMETER AND INTERIOR THERMAL ZONE LOADS 
BASED ON DIFFERENT SHADING, VOLUME, AND MATERIAL PROPERTIES INPUTS. 
COMPARED TO BASELINE, THIS DESIGN REDUCES THE PERIMETER THERMAL 
LOAD BY OVER 40% 
DETAILED CALCULATIONS FOR ENVELOPE R AND U VALUES WAS 












FINAL ARCHITECTURAL DESIGN OF 
THE FIRE STATION INCORPORATED 
REVISIONS FROM PRELIMINARY 
DESIGN, UPDATES FROM ENERGY 
ANALYSIS,  AND CODE UPDATES. 
FURTHERMORE, STRUCTURE AND 
BUILDING SYSTEMS HAVE BEEN 
INTEGRATED TO ENSURE SYSTEMS 
DO NOT CLASH. 
MATERIALITY AND PROGRAM 
SPACES HAVE BEEN REVISITED TO 








UTILIZING A VRF HEAT PUMP 
SYSTEM, ONLY FRESH AIR 
IS NEEDED TO BE SUPPLIED 
TO EACH SPACE BASED ON 
AREA AND OCCUPANCY. 
DUE TO VRF’S LIMITATIONS, 
DUCTWORK NEEDS TO BE 
CLOSER TO THE GROUND 
PLANE TO ENSURE THE AIR 
WILL EFFICIENTLY MIX WITH 
THE NEARBY WATER PIPES 
OF THE AUXILLARY VRF 
COMPONENTS. HOWEVER, 
WITH EXPOSED CEILING 
PLANES IN A GABLED FORM, 
THE DUCTWORK IS RUN 
ALONG THE WALLS OF THE 
IMPORTANT SPACES, OR 
NODES. THIS WORKED WELL 
IN COMBINATION WITH 
THE MASONRY AND STEEL 
STRUCTURE BECAUSE FEWER 
LARGE DUCTS CUT THROUGH 
THE WALL PLANES. 
IN THE CONTAMINATED 
ZONES OF THE FIRE STATION, 
SEPARATE SYSTEMS ARE USED 
TO SUPPLY FRESH AIR AND 
REMOVE EXHAUST. EXHAUST 
FROM KITCHEN AND WATER 
CLOSETS WAS INCLUDED. 
THE VRF VARIABLE REFRIGERANT FLOW SYSTEM IS TYPICALLY A MORE ENERGY EFFICIENT SYSTEM DUE TO THE 






RCP - Focus Space 
1/8" = 1 '-0" 
























, J' , ' ' I 
RENNA SUSPENDED 
SQUARE LED FIXTURE 
RETURN AIR GRILL AND DUCT 
SUPPLY AIR DUCT AND 
SPOT DIFFUSER 
FIRE SPRINKLER SYSTEM 
(THROW@10'O.C.) 
LIGHTING
IN A SELECTED 
FOCUS SPACE, THE 
SYSTEM DESIGN WAS 
DEVELOPED FURTHER 
AND INCORPORATED 
THE FIRE SUPPRESSION 
SYSTEMS AND 
LIGHTING DESIGN 
WITH THE HVAC 
SYSTEM. 
THE REFLECTED 
CEILING PLAN SHOWS 
THESE SYSTEMS 
COORDINATED. 
THE LUMEN METHOD 
WORKSHEET SHOWS 
THE LIGHTING DESIGN 
WHICH PROVIDES THE 
DESIRED LUMINANCE 









NUMEROUS STUDIES OF A SPACE IN THE 
BUILDING WERE CONDUCTED IN THE 
DAYLIGHTING LAB WHICH INFLUENCED 
SHADING DESIGN AND GLARE REDUCTION 
MEASURES. UNEVEN DISTRIBUTION 
OF DAYLIGHT WITHIN THE SPACE WAS 
ALSO ADDRESSED THROUGH EXTENDED 




ROOFING SYSTEM: 8 PSF
STANDING SEAM = 2PSF
INSULATION = 6 PSF STRUCTURE: 8 PSF
BEAMS/GIRDERS/SPACE FRAME = 6 PSF






FLOOR DEAD: 65 PSF
CONCRETE/DECK = 45 PSF
STRUCTURE = 7 PSF
FLOORING = 3 PSF
MECH = 4PSF
SPRINKLERS 3 PSF
COLLATERAL = 3 PSF
FACADE: 55 PSF
6” METAL STUD = 4 PSF
SHEATHING & GYP = 5 PSF
INSULATION = 2 PSF
FACE BRICK = 42 PSF
COLLATERAL = 2 PSF
GLASS = 15 PSF
ROOF LIVE: 20 PSF
SPRINKLERS: 3 PSF ROOF COLLATERAL: 3 PSF
FLOOR LIVE: 100 PSF
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WIND LOAD
Wind Uplift Diagram 
Longitudinal and transverse 
controlling cases
THE FIRE STATION WAS DESIGN 
AS IMPORTANCE IV WITH TERRAIN 
EXPOSURE B AND A BASIC WIND 
SPEED OF 120 MPH. THE WIND 
WAS APPLIED IN THE WORST 
CASE DIRECTION BASED ON THE 
LOCAL AXES OF THE BUILDING’S 
REGION. (IE. PERPENDICULAR TO 
TRANSVERSE FACE OF REGION, 
LONGITUDINAL FACE OF REGION, 
AND AT CORNERS). 
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Region A Wind -X Region A Wind -Y
Region C Wind -X Region C Wind -Y
Windward and Leeward Wind Forces 
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Region A Wind +X Region A Wind +Y
Region C Wind +X Region C Wind +Y
Windward and Leeward Wind forces 
































































THESE WIND LOAD DIAGRAMS SHOW THE CHANGE OF 
WIND LOAD BASED ON THE REGION OF THE STRUCTURE, ITS 
HEIGHT, AND THE DIRECTION OF THE WIND.
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SEISMIC LOAD WAS NOT 
CONTROLLING EXCEPT WHERE 
THE CENTER OF MASS AND 
CENTER OF RIGIDITY WERE 
DISTANT FROM EACH OTHER 
WHICH INDUCED A LARGE 
TORSIONAL MOMENT, AS 
OCCURRED IN THE WEST 
REGION OF THE STRUCTURE. 
SEISMIC DESIGN CATEGORY 
C WAS UTILIZED WITH 
IMPORTANCE IV AND SITE 
CLASS D. 
THE SEISMIC WEIGHTS WERE 
BROKEN UP BY THE BUILDING 
REGIONS AND CS VARIED 
BASED ON THE LATERAL FORCE 
RESISTING SYSTEM OF THE 
REGION. 
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Direction of Load 
applied in for ’X’Direction of Load 
applied in for ’Y’REGION A




















Cantilever Column - Region B and Canopy 
















BRICK VENEER ON CLAY MASONRY
BRICK VENEER ON METAL STUD
CLERESTORY 
REGION A SEISMIC LOAD STRIPS
REGION C SEISMIC LOAD STRIPS
BRICK VENEER ON METAL STUD 
(ELEVATED)


























LATERAL FORCE RESISTING ELEMENTS TRANSFER LOADS 
TO THE FOUNDATION. THE LOCATION OF THESE ELEMENTS 
AND THEIR STIFFNESSES AFFECTS THE RIGIDITY OF THE 
STRUCTURE AND ITS NATURAL TENDENCY TO ROTATE 
UNDER LATERAL LOADS. 
THE CENTER OF RIGIDITY WAS USED TO CALCULATE THE 
INHERENT TORSION DUE TO THE SEPARATION BETWEEN 
THE CENTER OF MASS AND CENTER OF RIGIDITY THAT 
OCCURS DURING LATERAL LOADING.
SEISMIC LOADS ARE APPLIED TO A REGION OF 
A STRUCTURE BASED ON THE WEIGHT OF THE 
STRUCTURE IN THAT AREA. FACADE AND FLOOR 
STRIP PLANS EXPRESS THE VARIOUS WEIGHT 
CONDITIONS THAT WERE CONSIDERED.
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STRUCTURAL CALCULATIONS HAND CALCULATIONS WERE UTILIZED TO DESIGN SPECIAL MEMBERS UNABLE TO BE 
DESIGNED THROUGH SOFTWARE. 
MASONRY SHEAR AND LOAD BEARING WALLS, 
EXAMPLE SUMMARY
COMPOSITE BEAMS, EXAMPLE SUMMARY
SPACE FRAME MEMBER CAPACITY
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RISA ANALYSIS
THE STEEL STRUCTURE WAS 
ANALYZED AND DESIGN USING 
RISA 3D, A STRUCTURAL MODELING 
SOFTWARE. THE MASONRY WALLS 
AND FOUNDATIONS WERE DESIGN 
FROM LOADS RECEIVED FROM 
PLACE HOLDERS WITHIN  THE RISA 
MODEL. 
THE STEEL FRAME SYSTEM WAS 
MODELED SEPARATELY FROM THE 
SPACE FRAME SYSTEM DUE TO THE 
COMPLEXITY OF THE SPACE FRAME 
SYSTEM. 
THE SPACE FRAME WAS 
PRELIMINARILY DESIGNED AND 
WILL BE COMPLETED BY A 
SPECIALTY ENGINEER. 
THE RESULTS OF THE DESIGN FROM 
RISA AND HAND CALCULATIONS IS 
























GROUND FLOOR PLAN - ARCH
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